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METHODSOF RECORDINGAND UTILIZING BIRD-MIGRATION DATA.

BY WITMERSTONE.

The custom of recording the dates of arrival of migrant birds has

been practised for a great many years in various countries, and more

recently attempts have been made to encourage the keeping of such

records on a uniform plan and to gather them together for the purpose

of study and comparison.

In America this work was begun in 1884 under the direction of the

American Ornithologists' Union, and since 1885 has been conducted

by the Division of Biological Survey (formerly Ornithology and Mam-
malogy) of the U. S. Department of Agriculture.

All the published records with which I am familiar represent the

work of one individual at each station, and until very recently there

has been no attempt made to compare the records of several observers

at practically the same locality.

The meagerness of the data that it is possible for one individual to

gather on bird migration, compared with the magnitude of the phenom-

enon, must be apparent to all, and yet we are constantly attempting

all sorts of estimates —as to the rapidity of flight, the relation of fluctu-

ation of migration to temperature variation, etc. —based for the most

part upon the records of individual observers.

In 1901 the Delaware Valley Ornithological Club of Philadelphia

organized a corps of observers for the study of bird migration in this

vicinity. This corps now numbers sixty-three, of which thirty-five are

located within ten miles of the center of Philadelphia.

The study and comparison of the yearly records of these observers

throws some interesting light upon the accuracy of individual records

and suggests some methods by which a more correct index of the pro-

gress of migration may be obtained.

Many of the records are presented in detail each year in Cassinia

the annual publication of the DelaAvare Valley Ornithological Club,

and to these, as well as to the original schedules returned by the ob-

servers, I am indebted for the data discussed in the present paper.

In a paper read before the American Ornithologists' Union in New
York City in November, 1905, and later published in The Condor, I
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first called attention to the possibilities of combining a number of

individual records, and later Prof. W. W. Cooke of the U. S. Department
of Agriculture discussed the same question in a short paper in The
Auk for July, 1907, p. 346. These are, I believe, the only papers dealing

with this phase of the question. The well-known work of Mr. Otto

Herman in Hungary, while probably based upon the most extensive

series of data ever collected, does not, so far as I am aware, touch

upon the comparison of individual records, at a single locality.

Individual and Bulk Arrivals.

One of the most important points for consideration in a bird-migra-

tion record is an understanding of just what our date of arrival indicates,

A migrating species is not a definite mass, like a railroad train, but a

scattered host of individuals requiring weeks or even months to pass a

given point and moving intermittently; consequently there may be a

great many dates of arrival at that point, according to what part of

the moving procession we are considering.

In the schedules furnished by the U. S. Department of Agriculture

the date of "first arrival" is called for, and in addition the date when
the species was next seen and when it became common. The object

being to differentiate between the arrival of the main flight or "bulk"

of the species and that of individual early stragglers.

With the exception of these schedules, nearly all the American

migration records with which I am familiar deal only with the date of

"first arrival," and in the publications that have been based upon the

records of the U. S. Department of Agriculture, only one date is usually

^iven, presumably the date of first arrival.

This would seem to indicate the unsatisfactory nature of the records

of bulk arrival, as estimated by an individual observer, a fact which

has impressed itself upon me after twenty-five years' experience in

recording and tabulating bird migration data. It seems altogether too

variable a quantity to be of practical value in making any sort of com-

parisons except in special instances.

Different species of birds vary in the way in which they become

abundant at any point; some may come in considerable numbers on

the very first day upon which they are seen or a day or so after the

"first arrival," while others gradually drift in, a few each day, until all

the usual haunts are populated, though it is impossible to say upon just

which day they became common. In other cases large flocks may
"be seen passing overhead some time before an}^ individuals establish

themselves in their local summer haunts. It seems, too, that certain
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species vary in their manner of arrival in different years, being con-

centrated one season and scattered in another.

The proper study of fluctuations in the numbers of each species at

any point, such as would warrant an estimate of. bulk arrival, requires,

except in a few cases, far more time than the majority of observers can

possibly give to the work —if indeed the task is possible for one indi-

vidual —and consequently where such an estimate has been attempted

the personal equation enters to such an extent as to render the results

of little value.

It would seem that, with the comparatively small amount of time

at the disposal of most observers, it would be better to suggest the

recording of such occasional "bulk arrivals" as are so marked a feature

of the migration as to become obvious, rather than to ask for a record

of this sort for each species, which must from the nature of the case be

in the vast majority of instances an estimate.

At the same time, however, the date of the first arrival, often an early

straggler, does not in itself give us a proper record of the migration of the

species, and it is here that the combination of a number of local records

proves invaluable and furnishes a far more accurate resume of the

flight of the species than can possibly be obtained by any individual

observer.

For instance take the arrival of the Wood Thrush in the ten-mile

circle about Philadelphia in the Spring of 1906. Thirty-one observers

recorded it as follows : One on April 25, two on April 28, ten on April

29, five on April 30, eight on May 1, and one each on May 2, 3, 4, 10

and 12. This record obviously warrants us in saying that for this

area pioneer migrants arrived on April 25 and 28, while the bulk of the

migration occurred from April 29 to May 1, after which date it was

impossible, on account of the presence of the bird at almost all points,

to judge how much further transient migration was in progress. The

dates upon which the "first arrivals" are massed are obviously the

dates upon which the "bulk" arrived. The late dates are to some

extent due to failure on the part of the observer to be in the field on the

day on which the species first arrived, but in part they represent actual

absence of the species from these particular localities, as it is a matter

of record that on several occasions a species has been seen regularly

for some days at one locality before a single individual has appeared

at another station nearby, in spite of careful search at the latter place.

The actual progress of the arrival of the WoodThrush in 1906 within

the Philadelphia ten-mile circle may be shown more graphically in the

accompanying diagrams.
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Fig. 3.
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Up to April 28 (fig. 1) the species had been observed at but three

stations, two of these being to the north and northeast of the cit}^ and

the other to the southwest. On April 29 (fig. 2) it was present at thir-

teen stations, and by Maj' 1 (fig. 3) had been reported by all but three

of our observers.

Mr. Otto Herman's paper in Proc. Fourth Internal. Ornith. Congress,

p. 163, was not received until after my diagrams had been prepared.

In it he adopts practically the same plan in illustrating the migration

of the Swallow in Hungary, and as his maps are based upon 5900

returns, it is needless to say they are far more convincing than mine.

Comparison of Records.

As already stated most migration records so far obtained are the

work of one individual at each locality. Nowwhen we come to com-

pare the time of arrival of birds at two points or their arrival at the

same point on successive years, it becomes very important for us to

consider the extent to which such records reflect the actual progress of

migration. The discussion on determining dates of bulk movements in

the vicinity of Philadelphia has already shown that while a date of

"first arrival" may be perfectly accurate for the limited area covered

by an observer, it would differ very materially from the earliest date

of arrival for the species in a circle of five or ten miles around that

observer's station.

The work of the Delaware \^alley Ornithological Club for the past

seven years has shown that within the Philadelphia ten-mile circle,

covering an area with but little variation in altitude, we can detect

no constant difference in the time of arrival of a species at any two

points dependent upon their geographic position.

The eariiest record is just as likely to come from the northern portion

of the circle as from the southern portion. At one time the records

seemed to show a slightly earlier date of arrival immediately along the

Delaware river, as compared with stations a few miles back on slightly

higher ground, but further data showed this difference to be purely

fortuitous. Therefore we can take the records of any one station

within this circle as representing the progress of migration at Phila-

delphia, just as well as those of any other station within the same

radius, and presumably the average dates of arrival of a species for a

number of years at several stations within the circle will be the same.

For certain species which are very conspicuous and which usually

arrive in force on the first day of their appearance this is true, but in

the majority of species it is by no means so.
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Selecting three localities within the ten-mile circle, at each of which

the Club has had several accurate observers for the past seven years,

we have the following dates of first arrival. I = Moorestown, N. J.;

II = Media and Swarthmore, Pa. ; III = Haverford and Ardmore, Pa.

Chaetura pelagica (Chimney Swift).

I.

1901 April 27
1902
1903
1904
1905
1906
1907

21

19

24
21

14

23

Average ". April 21

Tozostoma rufum (Brown Thrasher).

1901 April 22
1902 " 22
1903 "

5
1904 ''

17

1905 " 22
1906 " 21

1907 " 28

II.
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Or, tabulating the averages obtained as above for eleven species,

we have: No. of days
I. II. III. difference.

Chimney Sivift April 21 April 21 April 21

Phoebe Mar. 27 Mar. 15 Mar. 20 12

Chipping Sparroiv " 29 April 1 "29 3

Scarlet Tanager Mav 8 May 4 May 7 4
Barn Swallow April 19 April 19 April 22 3

Black-throated Blue Warbler. May 5 Mav 2 May 3 3

Ovenbird " 1 April 29 April 30 2

Maryland Yellow-throat April 25 " 26 Mav 2 7

Catbird " 28 '•' 25 April 30 5
Brown Thrasher " 19 " 21 " 18 3

Wood Thrush " 30 " 27 '' 29 3

This demonstrates conclusively that the average date of arrival

for a number of years, based upon the observations of a single individual,

varies materially from the average date obtained by another equally

accurate observer stationed but a few miles distant. The amount of

difference in the case of individual observers is even greater than that

shown above, as in these cases the record given for each of the three

stations is the result of the combined work of several observers.

I called attention to the percentage of error in the records of indi-

vidual observers in a paper read before the American Ornithologists'

Union at NewYork in November, 1905, and during the Spring of 1907

Prof. W. W. Cooke made some experiments along the same line, and

his results showed that, compared with the combined work of twenty-

three other observers, in the immediate vicinity of Washington, D. C,

in this single season his dates of arrival averaged one and three-

tenths of a day late, and this in spite of the fact that he spent more

time in the field and covered a greater variet}: of country. In my
summary given above a single station averages one and nine-tenths

of a day later than the earliest average date recorded for the species.

This information, however, does not help us in using the record of a

single observer for comparative study, either as between different

years or different stations, and we are forced to the conclusion that

results based upon such individual records are really of but little

value for comparative work, so great is the possibility of error.

For instance, quoting from Prof. W. W. Cooke's papers on the

Migration of Warblers and Thrushes, as recorded in the schedules of

the U. S. Department of Agriculture,^ we have the average dates of the

arrival of the following species at Germantown, Pa., a suburb of

Philadelphia, and at Washington, D. C.

:

1 Bird Lore, 1905-1907.
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Germantowi)

.

Washington. Difference.

Wood Thrush May 1 April 26 5clays.

Black-throated Blue Warbler May 6 May 2 4 "

Ovenbird May V April 23 8
"

Maryland Yellow Throat April 29 April 21 8 ''

These dates being the averages of a number of years, would seem to be

sufficiently accurate for the purpose of estimating the time of flight of

the species mentioned between Washington and Philadelphia, and by

comparing them we find that it is respectively five days, four days,

eight days and eight days. The Germantown records quoted from

Prof. Cooke's papers are based upon schedules which I filled out for

the Department of Agriculture from 1883 to 1890. I now find that

my dates vary from those obtained by other observers in the neighbor-

hood of Philadelphia from 1901 to 1907, just as the latter have been

shown to vary from each other.

Had any of the other records from the vicinity of Philadelphia been

used in place of the Germantown series, as would have been perfectly

justifiable, a very different result would have been obtained; and

there is no doubt but that the dates of several individual observers in

the vicinity of Washington would show just as much diversity as is

shown in our Philadelphia series, which would still further vary the

results.

In a number of instances moreover the difference between the average

date of arrival at Washington and Philadelphia, as given in Prof.

Cooke's papers, is no greater than that between two stations well within

the Philadelphia ten-mile circle.

In comparing the dates of arrival of species for several consecutive

years we also find a considerable variation in the records of nearby

stations which we should expect to show uniformit5^

For instance, taking the eleven species given in the table on page 134,

and computing the average dates of arrival for the six years 1901 to

1906 at each of the three stations, and then comparing these with the

dates of arrival at each cf the stations in 1907, we find that at station

No. I the 1907 dates averaged three days late, while at station No. II

they averaged one day late and at station No. Ill they averaged

exactly normal, and yet each one of these stations was represented by

several accurate observers, and there is nothing in their relative geo-

graphic position to warrant any difference.

Combination of Individual Records.

After discrediting the value of individual records, one must natur-

2 Omitted in Prof. Cooke's paper, and supplied from my own memoranda.
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ally suggest some method of recording migration by which results

sufficiently accurate for comparative work are to be obtained. This,

I think, is to be found by securing a large number of observers in a

limited area and by combining their results, as has been done by the

Delaware Valley Ornitliological Club in the vicinity of Philadelphia.

If we had seven-year records kept by thirty-five individuals within

ten miles of Washington, and a similar series within ten miles of

Boston for comparison with the Philadelphia series, then I think we

should be able to estimate with some degree of accuracy the progress

of migration between these points.

In a composite record of this kind it is especially worthy of note that

more or less fragmentary records are of great value, as an observer

who only records a hmited number of species may note some of them

earlier than any other observer, while species which he fails to record

are noted by others.

The way in which a number of indvidual records from one vicinity

are to be combined in order to get the most reliable results is quite a

problem.

Take, for example, the Ovenbird, Seiurus aurocapillus, for the years

1905, 1906 and 1907, as recorded within ten miles of Philadelphia by

respectively thirty, thirty-two and thirty-four observers —the number

of the observation corps varying somewhat from year to year.

Wefind that in 1905 it arrived at one station on April 25; at another

on April 28; at eight stations on the 29th, ten on the 30th, etc., i.e. :

1905—April 25, 28, 29 (8), 30 (10), May 2, 3, 4, 6, 7 (2), 8, 12 (2).

1906—April 28 (2), 29 (7), 30 (4), May 1 (5), 2 (3), 3 (4), 4 (2). 5 (3),

8 12

1907—April 26 (2), 27, 28 (4), 29 (5), 30 (2), May 1 (5), 2 (2), 5 (4), 6, 8,

11 (4), 12, 13, 15.

If we select the earliest date for each year as the basis of our com-

parison, we shall say that 1905 was the earliest season and 1906 the

latest. The objection to this is that it considers only the earliest

stragglers, whose movements may or may not reflect those of the bulk

of the species.

If we select the average of all the dates for each year we shall have

for 1905 May 2, 1906 May 2, 1907 May 3, or 1905 earhest and 1907

latest. The objection in this case is that some at least of the late

dates of arrival represent errors of observation

—

i.e., failures to detect

the species until it had been present for some days —while others are for

stations which are not congenial haunts of the species under considera-

tion and at which it is only occasionally seen, and by including these

in our computation we obviously make the resultant date too late.
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After consideratin-j; many methods it seems that the best date to

select is that upon Wiiich the species had arrived at half of the stations,

leaving out of consideration entirely the last quarter of the stations

that recorded the species, in order to eliminate the probably erroneous

or misleading dates.

Dropping the last quarter of the stations in the case of the Ovenbird,

we shall have left for consideration in the three years twenty-three,

twenty-four and twenty-six records respectively, i.e.

:

1905—April 25, 28, 29 (8), 30 (10), May 2, 3, 4.

1906—April 28 (2), 29 (7), 30 (4), Mav 1 (5), 2 (3), 3 (3).

1907—April 26 (2), 27, 28 (4), 29 (5), 30 (2), May 1 (5), 2 (2), 5 (4), 6.

The dates by which the species had reached half these stations will

then be 1905 April 30, 1906 April 30, 1907 April 30. This is perhaps

a poor example as the Ovenbird is such a regular migrant. Indeed a

mere glance at the records will show that the bulk of arrivals occurred

in 1905 on April 29 and 30, in 1906 on the same days and in 1907 on

April 28 and 29, which represents almost the same thing.^

In other cases,. however, the massing of arrivals upon a few days is by

no means so evident, and some such method as the above is absolutely

necessary. For example:

Pipilo erythrophthalmus (Towhee).

1905—March 24, April 11 (2), 12 (2), 14 (3), 18, 19, 20, 21 (2), 22 (2),

23(3),24, 25(3),26(2),29, 30.

1906—March 6, April 7, 12, 15 (3), 16, 17, 19 (4), 20, 21 (5), 22 (3), 23,

24, 25 (2), 27 (2), 30 (2). May 8.

1907—March 23, 30 (2), April 3, 4, 6, 14, 16, 20, 24, 26 (5), 27 (3), 28,

May 1, 4, 5, 6.

Rejecting the last quarter of the records in each year and selecting

the middle one of those remaining, as before, we get:

1905 April 19, 1906 April 19, and 1907 April 20.

Hirundo erytlirogastra (Barn Swallow).

1905—April 7, 20 (3), 21, 23 (3), 24, 25 (3), 27, 29, 30 (4), May 6, 7, 9.

1906—April 11, 12, 14, 17, 19, 21 (2), 22 (3), 25 (4), 26, 28 (2), 30,

May 3, 6, 19.

1907—March 27, April 6, 20, 21, 22 (2), 24 (3), 26 (2), 27, 28 (3), 30,

May 1, 2, 4, 5 (3), 8 (2), 10, 11, 12, 14.

1905 April 23, 1906 April 22, 1907 April 26.

Toxostoma rufum (Brown Thrasher).

1905—April 9, 13, 14 (2), 16, 18 (2), 19 (2), 21 (2), 22 (6), 23 (3), 24 (4),

25(2),26,29, 30, May3.

' While the migration of 1907 was ver_y late, so far as most of the April and all

the May migrants were concerned, a wave just at this time brought the Oven-
birds at their normal date.
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1906—March 9, April 10, 16, 17 (2), 19 (3), 20, 21 (4), 22 (3), 24 (2),

25 (2), 26, 27, 28 (2). 30, Mav 1 (2), 5. 6.

1907—March 13, 17, April 20, 23. 25, 26 (6), 27 (7), 28 (2), 29 (2), 30

(2), Mav 1 (3), 2, 3, 4'(2), 5, 8, 11 (2).

1905 April 22, 1906 April 21, 1907 April 27.

The above plan gives us a definite date for all sorts of comparisons

and one which is independent of the personal equation. The term

"became common" may mean a different thing to each individual, but

the date upon which a species reached half of the stations at which it

was observed represents a definite 'point in the increase of its abundance,

and is a matter of record and not of opinion.

As so little has been attempted in the way of combining local migra-

tion records, I find it difficult to discuss the comparative value of dif-

ferent methods. Some casual allusions by Prof. Cooke to the methods

employed by him form indeed the only contribution to the subject

with which I am familiar. He recognizes the clanger of including the

latest dates of arrival in computing averages and rejects them, just as

I have advocated above, but in deciding how many to reject his method

seems to lack clefiniteness and to involve the personal equation. He
says {Auk, 1907, p. 347), "When using migration records for the calcula-

tion of average dates of arrival, I usually discard dates that are more

than six days later than the probable normal date of arrival." This

would seem to imply an arbitrary selection of "the probable normal"

date before any averaging is done, which seems to be a dangerous

method. Again, in referring to the combination of the observations,

of twenty-three observers at Washington, D. C, in the Spring of 1907,

he says, "Many of the notes were duplicates or of no value, but after all

these had been eliminated," etc. [Italics mine]. This is exactly the

reverse of my method, instead of rejecting "duplicate" records,

these seem to me to be of the utmost value as pointing to the dates

upon which the greatest migration took place. It must, however, be

borne in mind that Prof. Cooke in this instance is ascertaining the

earliest date —not the date of bulk arrival which, as just explained,

seems to me a more reliable basis for comparison of migration between

two distant points, but one which, as I have also explained, is practically

impossible in the absence of a large corps of observers at each point.

Graphic Representation of Migration.

In the Auk for 1889 (p. 139) and 1891 (p. 194) I pubhshed some
papers on the Graphic Representation of Bird Migration, based in

part upon records of the Delaware Valley Ornithological Club for 1890.

The attempt was made at this time to record tke actual number of

individuals or the relative abundance of certain species, as noted each
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day by five observers, and by plotting the daily totals a chart was

obtained representing the fluctuations of the migration, which was

shown to correspond to rises and falls in the curve of temperature

variation for the same period. In my Birds of Eastern Pennsylvania

and NewJersey, 1894 (p. 28), a like method was employed.

Similar and probably much more accurate results may be obtained by

plotting a curve based upon the total "first arrivals" within the ten-

mile circle as reported by our Philadelphia migration corps for each

day of the Spring.

In the following diagrams such curves are shown for the years 1902

to 1907, accompanied by curves of temperature variation based upon the

mean daily temperature at Philadelphia as recorded by the United

States Weather Bureau, together with an indication of the days upon

which rain or snow fell. For this meteorological data I amunder obli-

gations to Mr. T. F. Townsend, Director of the Pennsylvania Section,

U. S. Weather Bureau.

In the early part of the season it will be noticed that "waves" of

migration follow closely after marked rises in temperature, but later on

at the height of the May migration the great "waves " or " rushes " often

occur without any corresponding temperature increase.

It is well known that birds do not start to migrate on a rainy night, so

that it is natural to expect sudden drops in the migration curves to be

correlated with spells of rainy weather, and such is often the case.

Inasmuch as birds are sometimes overtaken by rainstorms after

starting on a clear evening, they often arrive at a locality simultane-

ously with the rain, and as. it is not possible to indicate in the diagrams

the exact time and extent of the daily precipitation allowances must

be made for some apparent discrepancies in this respect.

In the following diagrams the vertical lines represent the days from

February 15 to ]\Iay 18, while the horizontal lines denote five degrees

difference in the temperature curve and ten units difference in the

migration curve; a unit in the latter curve being a "first arrival" record

at some one of the stations within ten miles of Philadelphia. Thus if

the migration curve reaches ten on a certain day it means ten first

arrivals, i. e., one species recorded for the first time at ten stations,

two species at five stations each, or ten differezit species each recorded

at a single station as the case may be. Periods of rainy weather are

indicated by the broken line immediately below the diagram, marked

"rain." Each migration is divided into two sections placed opposite

to each other, so that the curves run across both pages, with the

comments below. In each chart the upper curve represents tempera-

ture variation, the lower migration.
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1904-
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The early warm wave in 1904 occurred February 22-24, but brought
only the first arrival of Robins, with no evidence of migration in other
species. The rain which prevailed at the time no doubt checked any
general movement. The weather during March was normal and the
rises in temperature, which culminated on March 3, 7, 13, 20 and 26,
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were followed by migrating movements on March 5, 8, 13, 20 and 27.

In April the principal movements on the 10th and 25th corresponded

to marked increases in temperature, while the great May waves

occurred on the 1st and 6th.

with the proportions of the wave of April 30, which followed the last

spell of rainy weather and was the most extensive April movement that

our records show\ The ]May waves occurred on the 3d and 7th.

The correspondence in the migration curves for 1904 and 1905 is

remarkable, the movements being about the same in number and

extent and nearly the same in time of occurrence.
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great February movement, and there were no species ready to respond
to the favorable conditions in March.

High temperature on April 5 was accompanied by rain and migra-
tion was not apparent until April 6 to 8 when there was an extensive
movement. Another occurred on the 1.3th, while the high tempera-
ture of April 21 was followed by a wave on the 22d, which was resumed
on April 25 after a cold rain. The greatest movements were April
29-May 1 , May 3 and May 5.

1907
Apr. I Api^-'^ Mof/I. MatftSf

of falling temperature with frost on the morning of May 12. The last

May wave did not occur until the 19th.

In this season we have an example of the difficulty of characterizing

an entire migration as early or late. The beginning of the movement
was late, while most of the jMarch dates of arrival were remarkably early;

early April migrants were late, but the great movements at the close

of the month brought conditions nearly to the normal, while the May
migrants were phenomenally late.

10
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Waves and Their Components.

Accepting the fact that the migratory movement advances by

."waves" or "rushes," —that is to say that the bulk of the migration

at each locality occurs on certain nights or series of nights, —̂the

question naturally arises: To what extent are the several ''waves" in

successive years composed of the same species?

A study of the migration curves will show that there are from eleven

to fourteen prominent waves during the Spring, taking into considera-

tion only those which show ten or more arrivals* in Februar}^ and

March, fifteen to twent}'- in April, and thirty to one hundred in May.

These seem to me to be the only movements worthy to be styled waves,

although some have used the term to indicate far less marked move-

ments, while others use it only for the most extensive migrator}^ flights.-'^

Selecting forty-seven common species for which we have the fullest

data, and noting such migrator}^ activity'' as is indicated by each on

.the wave-days for the years 1904 to 1907, we find a remarkable corre-

spondence in the species which make up each wave. And the same

''wave" may be recognized through a number of years by its com-

ponent species, though its date may vary considerably. Sometimes a

movement may be interrupted by unsuitable weather and be resumed

again later, making two apparent waves in one year which correspond

to one in other years. Or when conditions are exceptionally favorable

early in the season, the species which usually compose Wave II, for

instance, may push forward and form part of Wave I; and although

conditions at the normal time of occurrence of Wave II may be favor-

able there will be no movement, simply because all the species usually

migrating at that time have passed on.

It seems then that certain species migrate together, advance strag-

glers of some accompanying the bulk movements of others, and that

each species is ready for migration at approximately the same time each

year., the exact date depending upon a favorable combination of

meteorological conditions.

The following tables will show which of the forty-seven selected

species composed the various waves for the four years for which Ave

'''Arrival" here has the same significance as explained on page 193.
^ Cf. Twenty-five Years of Bird Migration at Ann Arbor, Micliigan, by N. A.

Wood, Eighth Anmial Report Mich. Acad. Sci.
" Usually only the "first arrival" -nithin the Pliiladelphia circle and the one

or more marked bulk movements are considered, but sometimes when the first

arrival was a very early straggler the second arrival is also noted.
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have the fullest data. Many other less commonspecies arrived on the

various " wave-days," but their inclusion in the tables would only

tend to confusion and would obscure the point that I wish to demon-

strate. Where a species has been omitted in any year it is because

it failed to arrive on one of the wave movements, or because the bulk

movement was scattered and not concentrated on a "wave-day." The

scarcity of such omissions, however, illustrates to what an extent the

migration is concentrated on a comparatively small number of daj^s.

"First arrival" in these tables denotes the first individual to be

reported anywhere within the ten-mile circle.
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Wave VIII.

1904. 1905. 1906. 1907.

April 23-26. April 22-25. April 21-25. April 26-28.

First Arrivals —Nine species have arrived on this wave in at least

three of the four years, i.e., Scarlet Tanager, Yellow Warbler,

Black-throated Green Warbler, Ovenbird, Water Thrush, House

Wren, Catbird, Wilson's Thrush and Wood Thrush. Five othei-s

arrived in two out of the four seasons, i.e., Rose-breasted Giosbeak,

White-eyed Vireo, Redstart, Maryland Yellow-throat and Yellow-

breasted Chat.

Bulk Movement—The bulk of this wave comprised the same seven

species in each of the four years, i.e., Chimney Swift, Barn Swallow,

Black-and-Wliite Warbler, Myrtle W^arbler, Maryland Yellow-

throat, Brown Thrasher and House Wren. To these are to be added

the Yellow Warbler in 1904 and the Ovenbird in 1907.

Wave IX.

1904. 1905. 1906. 1907.

April 29-Mayl April 29-30. April 29-May 1. May 1-3.

+ May3.

First Arrivals —Six species arrived on this wave each year, i.e., Balti-

more Oriole, Kingbird, Red-eyed Vireo, Blue- winged Warbler,

Magnolia Warbler, Parula Warbler, and in three of the four years

Great Crested Flycatcher, Indigo-bird, Yellow-throated Vireo, Black-

throated Blue Warbler.

Bulk Movement—Seven species were abundant during this wave in

each of the four years, i.e.. Black-throated Green Warbler, Redstart,

Water Thrush, Ovenbird, Catbird, Wilson's Thrush and Wood
Thrush, and in three of the four the Yellow Warbler and Scarlet

Tanager.

Wave X.

1904. 1905. 1906. 1907.

May 5-8. May 3 + 7. May 5-6. May 8 + 10-12.

First Arrivals —Species usually arriving on this wave Chestnut-sided

Warbler, Blackburni an Warbler, Canada Warbler, Black-poll Warbler,

Wood Pewee, Hummingbird, Yellow-billed Cuckoo.

Bulk Movement—In all four years Baltimore Oriole, Wood Pewee,

Great Crested Flycatcher, Indigo-bird, Rose-breasted Grosbeak,

Scarlet Tanager, Red-eyed Vireo, White-eyed Vireo, Yellow-breasted
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Chat, Chestnut-sided Warbler. In three of the four years Blue-

winged Warbler, Black-throated GreeA Warbler, Black-throated

Blue Warbler, Magnolia Warbler, Black-poll Warbler, Kingbird.

Wave XI.

1904. 1905. 1906. 1907.

Maij 10-11. May 12. May 12-13. May 19.

Bulk Movement in all four years —Yellow-billed Cuckoo, Hummingbird,

Wood Pewee, Magnolia Warbler, Blackburnian Warbler, Black-poll

Warbler and Canada Warbler.

Six Years Records at Philadelphia.

The following tables present a summary of the arrival dates of the

ninety species which are printed upon the schedules of the Delaware

Valley Ornithological Club for the years 1902 to 1907, based upon the

records of from twenty-five to thirty-five observers for each year, all

located within ten miles of the center of Philadelphia.

Under "first arrival" is given the average date of the first observa-

tion reported by any of the observers, and also the earliest and latest

first arrival for the six years under consideration. Under ''bulk

arrival" is given the date for each year when the species had been

reported at half the stations, computed as explained on page 137, and

also the average of these six dates. In some cases the data were too

meager to warrant this computation, in which instances the 'dates are

omitted and only first arrivals given. In a few species, marked by an

asterisk, dates which obviously referred to winter residents have been

rejected, while in the case of the Long-billed Marsh Wren, Pine

Warbler and perhaps a few others the data are probably not sufficient

to give accurate results, the species being rare or local.
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